WO 00/54822 ' PCT/GBOO/0091 3 

-1- 



BIOC OMPATIBLE ENDOPROSTHESES 
This- invention relates to expandable endoprosthetic devices used to 
improve the patency of various vessels in the human body. Such 
endoprostheses are commonly known as "stent grafts". 

The development of minimally invasive technology has enabled vascular 
disease to be treated without the need for surgery. Mechanical tools and 
devices can now be delivered to the site of a vascular lesion via the 
vascular canals themselves using the so-called "Percutaneous 
Transluminal" methods. 

Arteries may be stenosed or occluded by arteriosclerosis or 
atherosclerosis, in which the arteries become hardened and partially or 
fully blocked by build up of lipid material. Such blockage reduces or stops 
blood flow, and can cause damage to the limbs or organs distal to the 
stenosis. 

Removal of plaque by atherectomy, or pushing the plaque aside by balloon 
angioplasty (PTA), are two of the techniques now available to 
interventionists using minimally invasive technology. Vascular 
atherectomy and PTA, {percutaneous transluminal angioplasty), can 
recanalise a vessel and restore blood flow, but the result may not be 
permanent, or there may be complications. 

Complications include the following: - 

1 . Elastic recoil, where the tissue partially returns to its original 
configuration after angioplasty, 

2. Tissue re-growth. 

3. Intimal flap. A flap of tissue partially attached to the arterial wall. 
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The simplest device used to prevent these complications is the insertion of 
a stent. A stent is a cylindrical device, which is placed inside a vessel and 
- presses against the wall. Such stents must be capable of being folded or 
compacted in order to be delivered through the vasculature, and then 
expanded to a substantially cylindrical form at the site of the lesion. 

Many different types of stent are available, but they fall into two 
categories: a) balloon expandable, and b) self expandable. The former is 
made of a malleable material and is mounted on a balloon catheter and 
expanded at the site of the lesion. The latter are elastic devices, which 
are compacted and restrained during deployment, and then released at the 
site. 

A special type of self-expanding stent is made from Nitinol, which is a so- 
called "shape memory alloy", i.e. an alloy which can be pre-formed into a 
first preferred shape while hot, cooled down and folded into a second 
shape, the second shape remaining fixed until the alloy is heated 
whereupon it returns to its first preferred shape. 

Use of such alloys advantageously permits the stent to be folded from a 
first preferred shape into a second shape which is small enough to fit into 
a catheter. After delivery to the site of the lesion, the stent returns to its 
first preferred shape due to the heat of the patient*s body. 

Nitinol may also have the property of "superelasticity", after reaching 
normal body temperature. 

A superelastic material is a material which has elastic properties such that 
a large change in strain is accompanied by a relatively small change in 
stress. That is, a material which has a modulus of elasticity (Young's 
modulus), close to zero. 



wo 00/54822 PCT/G BOO/009 13 

-3- 

However, stents on their own cannot prevent all complications. While 
they can prevent elastic recoil, and control an intimal flap, they cannot 
prevent continued.tissue gro.wth leading to re-stenosis. Connective tissue 
can grow through the spaces in the stent. 

To deal with this problem, a new generation of endoprostheses was 
developed where the stent was covered by a continuous tubular element. 
This continuous tubular element is usually a woven or knitted textile 
fabric, placed on the outside of the stent. Alternately, the continuous 
tubular element may be expanded polytetrafluoroethylene (PTFE). The 
continuous tubular element is therefore trapped between the stent and the 
arterial wall. Such a continuous tubular element is designed to form a 
barrier to prevent tissue re-growth. 

It is normal to describe an uncovered or bare stent as a "stent", whereas 
a covered stent or "stent graft" is referred to as an endoprosthesis. 
However, it is common for both devices to be referred to as 
Endoprostheses. 

The covered stent has another important use in the area of vascular 
aneurisms. Aneurisms are caused by a weakening in the wall of an artery, 
which allows the wall to dilate and swell out into a balloon like shape. 
This weakening gives the danger of rupture, which can have very serious 
consequences including death. 

Endoprostheses may be used to bridge the aneurism inside the artery and 
so make an "internal bypass" of the aneurism. 

The problem is that the materials used for both the stent and the covering 
are all thrombogenic to some degree. They therefore create a reaction 
with the blood to cause clotting. In order to control this clotting, the 
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covering material must be made permeable. This permeability allows the 
new tissue growth to be through the pores of the material, and adhere 
strongly to it, thus preventing a clot becoming mobile and_ possibly cause 
an occlusion downstream. 

This permeability coupled with the slight thombogenicity of the materials, 
means that the covering does not highly prevent tissue re-growth, and the 
possibility of re-stenosis. 

The present invention relates to stent devices used to treat stenosis, 
which occurs in diseased arteries. The invention has a special function in 
reducing or preventing restenosis after interventional treatment. 

The configuration of the device consists of an array of cylindrical elements 
arranged internally or externally and secured to a continuous tubular 
element. The cylindrical elements may also be sandwiched between two 
continuous tubular elements. These composite devices are described as 
Arrayed Stent Grafts. 

The shape of the cylindrical element can be of a variety of designs. A 
particular arrangement is where a suitable wire is wound once around a 
mandrel in a zigzag fashion and henceforth described as a crown element, 
or in general as a stent element. 

The said continuous tubular element functions to connect the stent 
elements, to act as a barrier for tissue growth and for the attachment of 
biocompatible materials. The construction of the continuous tubular 
element ranges from woven or knitted fabric to a number of tubular 
extrusions. 



Additionally, rather than having cylindrical elements, the elements may 
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consist of flat configuration that is arranged on the top or bottom of a 
surface or sandwiched between two surfaces. The surface consisting of 
woven or knitted fabric of one of a number of polymeric materials. The 
flat configuration is then coiled or rolled to make the composite device, 
the arrayed stent graft. 

Further arrayed stent grafts can be made by attaching the individual stent 
array to a shorter tubular element to give individual composite device that 
are then secured to each other. 



The arrayed stent graft is either coated by, or encapsulated into, a highly 
biocompatible material in order to isolate those less biocompatible 
materials, used in the construction, from the blood and other body fluids 
or tissue. 



A diseased artery may become stenosed. The mechanism of stenosis and 
its recurrence, restenosis, is not fully understood. There is general 
consensus that restenosis is a series of complex cascading events, which 
involve inflammatory and thrombotic mechanisms, intimal hyperplasia and 
vessel recoil. The biocompatible material serves to reduce the series of 
complex cascading events of an artificial implant such as the arrayed stent 
graft, thus ensuring that the device is highly biocompatible. 

The biocompatible material employed by the arrayed stent graft consists 
of embodiments similar to those detailed in W097/41 164, the disclosure 
of which is incorporated herein by reference. In essence the 
biocompatible material consists of a polymer having both non- 
thrombogenic and anti-thrombogenic properties on the same polymer 
backbone or if required only non-thrombogenic or only anti-thrombogenic 
properties. 
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The polymers having non-thrombogenic properties can be prepared by 
copolynnerising monomers of at least two classes from (a) monomers 
having sulphate groups, (b) monomers having sulphonate groups, (c) 
monomers having sulphamate groups, (d) monomers having 
polyoxyalkylene ether groups and (e) monomers having zwitterionic 
groups. The monomers can additionally be provided with anti- 
thrombogenic properties by including an additional co-monomer having 
pendant heparin (or hirudin, warfarin or hyaluronic acid) groups. 

There have been many stent designs in the last decade designed to 
circumvent the problem of restenosis. In all these devices the problem has 
not been solved or reduced to a clinically acceptable level. Such devices 
include the Palmaz stent and the Gianturco stent, which have shown 
promise but still suffer from the problem of restenosis. 

The inventors believe that the arrayed stent graft structure is collapsible, 
expandable and has mechanical integrity to maintain patency. Additionally 
the biocompatible material employed reduces inflammatory and thrombotic 
mechanisms whilst the stent array resists vessel recoil. 

The invention is primarily concerned with those vessels, which are part of 
the vascular system of the human body. However, other applications for 
these devices are found in other body vessels and cavities. Typical 
examples of other uses include the biliary duct, and in transjugular 
intrahepatic portosystemic stent shunting (TIPSS). 

The invention will be further described with reference to the various 
embodiments shown by way of example in the accompany drawings in 
which: 



Fig. 1 is a side view of a stent element for use in an endoprosthesis 
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according to the invention. 

Fi g. 2 is an end view of the stent element. 

Fi g: 3 is a side view of a forming jig used for winding Nitinol wire into a 
stent element. 

Fig. 4 is a cross section view of the jig in Fig. 3. 

Fig . 5 i s an enlarged scrap view of the cross section shown in Fig. 4. 
Fig. 6a is a view of the welded junction of the two ends of the wire in the 
stent element. 

Fig . 6b is a view of the ends of the wire in the stent element joined by the 
use of a crimped-on or shrunk-on tube. 

Fig. 6c is a view of the ends of the wire in the stent element joined by 
overlapping and binding by suture material. 

Fig._7Js a side view of an endoprosthesis with a number of stent 
elements sewn outside a barrier layer material. The stent elements are 
positioned radially and longitudinally such that the device has maximum 
flexibility. 

Fig, 8 a cross section of the device in Fig. 7, 

Fig , 9 is a side view of an endoprosthesis with a number of stent 

elements sewn inside a barrier layer material. The stent elements are 

positioned radially and longitudinally such that the device has maximum 

flexibility. 

Fig. J-QJs a cross section of the device in Fig. 9. 

Fig. JJ^is a side view of an endoprosthesis, similar to Fig. 7, where the 
stent elements are positioned radially and longitudinally so as to maximise 
length stability during the deployment of the device. 
Fig . 12j s a side view of an endoprosthesis; similar to Fig. 9, where the 
stent elements are positioned radially and longitudinally so as to maximise 
length stability during the deployment of the device. 

Fig. 1 3j llustrates another stent array where the number of individual stent 
elements are connected to each other by using an unbroken continuous 
wire in their construction. The continuation of the wire provides a spine 
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or backbone for extra stability. 

Fig. 14 shows an endoprosthesis in which the stent array of Fig. 13 sewn 
-on to the outside of a barrier layer materialT -The connections between 
each individual stent crown are bound to give a spine or backbone to the 
device. The stent array is sewn to the barrier material to hold it open in 
use. 

Fig. J[5^is a side view of an endoprosthesis, similar to Fig, 7, in which the 
ends of the wire of individual stent elements are joined by binding 
together overlapping portions of the ends of wires forming individual stent 
elements. 

The present invention is an endoprosthesis device suitable for the 
treatment of certain types of vascular disease, and disease of other body 
canals and vessels. 

The device is a composite structure comprising one or more cylindrical 
spring stents or crowns and a barrier fabric or continuous tubular element. 
The device may be compacted into a small diameter in order to be 
delivered to the site of a lesion and then expanded to its normal diameter. 

Fig. 1 shows a side view of one embodiment of the basic stent element. 
Fig. 2 shows the end view of the stent element. The stent element is 
made by winding a suitable wire into a number of ziz-zags to form a 
tubular element. The two ends of the wire in the element are connected 
to each other to form a continuous endless structure. 

In a first embodiment of the stent element of the invention, the wire is 
made from a malleable metal, such as a wire of malleable stainless steel 
or other material with similar mechanical properties. 

In a second embodiment of the stent component of the invention, the wire 
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is made from a spring-tempered stainless steel or other materials with 
similar mechanical properties. 

In both these embodiments, the wire may have a circular cross section or 
be in the form of a flat tape, or other cross section. 

The method of manufacture of both the first and second embodiments of 
the stent element is that of the construction of standard wire components 
and is well known to those skilled in the arts of wire component 
construction and the manufacture of metallic mechanical springs. 

In a third embodiment of the stent element, the wire is made from a shape 
memory alloy (SMA), e.g. Nitinol. Again, the wire used may have a 
number of different cross sections. 

A wire of shape memory alloy may be formed into a shape, held in that 
shape by a jig or fixture, subjected to a heat treatment, and allowed to 
cool. This shape will then be "remembered" by the alloy. 

If the so treated-formed shape is cooled below a critical temperature, it 
becomes malleable and may be deformed into a second shape. On 
heating above another critical temperature, the wire will return to its' 
"remembered" configuration. 

Shape memory alloy may exist in one of two forms. Below a critical 
temperature it is martensitic or malleable, and above another critical 
temperature it is austenitic or spring like. 

In its austenitic state, it may also display the property of "super elasticity" 
as described in the background to the invention above. 
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The stent element of shape memory alloy may be made by winding on to 
a cylindrical jig, similar to that shown in Fig. 3. This jig 1 has longitudinal 
slots 2. and circular grooves 3. The construction can bejurther visualised 
by reference to Fig. 4 and Fig. 5. 

The wire 4 is wound into the slots and grooves to form the zigzag 
configuration. A number of stent elements may be wound side by side on 
the same jig. 

After winding, the wire shape is held by sliding a close fitting tube over 
the wire and the jig. 

The wound jig is then placed in a muffle furnace for heat treatment. 

After the heat treatment, the jig and wire is cooled down to below the 
martensitic transformation temperature, and the wire unwound. After 
unwinding, the wire is placed in warm water when the remembered shape 
will return. 

A suitable shape memory alloy, e.g. Nitinol would have a martensitic 
transform temperature of below 10**C and an austenitic transform 
temperature of about 30^C. A typical heat treatment would be 475 °C for 
1 5 minutes. 

After the wire is formed the ends may be connected together by welding 
(Fig. 6a), or by the use of a suitable malleable tube crimped or glued in 
place (Fig. 6b). 

Alternatively, as shown in Fig. 6c, the wire forming individual stent 
elements may be of such a length that the ends overlap one another. The 
overlapping ends can then be bound together, preferably by suture 
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material as used to attach the stent elements to the continuous tubular 
elennent described below. 

The crown elements used in the array can also be made by machining a 
metallic or polymeric tube. The machining may be by mechanical means, 
or may be cut by laser, or be formed by chemical etching. 

The stent elements may be constructed in a number of different ways. 
One method is to wind a metallic or polymeric wire in a zigzag fashion as 
described above to form a crown element. This wire may have a circular 
cross section, or it may be a flat tape, or any of a number of different 
cross sections. The crown element may also be constructed from a 
metallic or polymeric tube by well known methods such as laser cutting 
and chemical etching. 

The stent element may also be in other forms than the crown element. 
Other forms of radially stable elements may be used. By radially stable is 
meant a structure that will resist the force of elastic recoil within the 
artery. The element may be elastic in nature, as in a spring, or it may be 
made of a malleable material, which will maintain a fixed shape after being 
expanded from a compact form in the desired location. A balloon or other 
suitable tool may expand such a malleable element. 

A malleable version of the stent element can be of a similar configuration 
to the crown element, or it can be any material tubular that can be 
expanded and fixed into a stable expanded shape. 

The stent element may also be in the form of a flexible tubular material 
that can be held in an open tube state and then stiffened in that open 
state. This stiffening may be achieved by rapid curing resins, applied heat 
or other methods. The heat may be applied by direct contact with the 
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heated tip of a catheter, or by a heating element encapsulated within the 
arrayed stent graft. 

The arrayed stent graft is made of a combination of one or more stent 
elements and a continuous tubular element. 

The purpose of the continuous tubular element is to isolate the lumen of 
the artery from the blood and may be manufactured in a variety of ways. 

1 . Woven fabric. A fine tubular woven fabric 

2. Knitted Fabric. Warp or weft Knitted tubular fabric 

3. Tubular extrusion. A plastic tubular extrusion made from a variety 
of materials, which include: polyester, polyurethane, silicone 
elastomer, polypropylene, and polytetrafluoroethylene (PTFE) 

4. Tubular film. A plastic tubular film made from a variety of 
materials, which include: polyester, polyurethane, silicone 
elastomer, polypropylene, and polytetrafluoroethylene (PTFE) 

The endoprosthesis may be made in a number of different configurations, 
one with the stent elements on the inside of the tubular element, another 
with the stent elements on the outside of the tubular element and yet 
another where the stent elements are sandwiched between two tubular 
elements. 

In the case of the tubular extrusion or tubular film, the tubular element 
may also encapsulate the stent array. Such encapsulation removes the 
need for suture material to connect the stent elements to the tubular 
element. 

In addition, for each of these configurations there are a number of ways in 
which the stent elements may be arranged. 
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Fig. 7 shows one embodiment where the stent elements are on the 
outside of the continuous tubular element and the stent elements are 
arranged all in the same direction and spaced apart. This-gives the 
maximum flexibility for the device. 

The stent elements are placed outside the continuous tubular element and 
the apex of each stent element is attached to the continuous tubular 
element. The wire 4 is connected to the continuous tubular element 7 by 
attachments 8 at the apex of each zigzag. The attachments 8 may be 
filament sutures, welds, adhesives, clips or any other suitable device. 

Fig 8 shows a cross section of this configuration. 

Fig. 9 shows another embodiment of the device where the stent elements 
are on the inside of the continuous tubular element. The wire 4 is 
connected to the continuous tubular element 7 by a number of sutures 8, 
Fewer sutures are needed when the continuous tubular element is on the 
outside since the continuous tubular element will be trapped between the 
stent elements and the lumen wall. 

Fig. 10 shows a cross section of this arrangement. 

Fig. 1 1 shows an embodiment of the device where the stent elements are 
arranged with alternate stents reversed in direction. The stent elements 
are on the outside of the continuous tubular element, and therefore each 
apex must be attached to the continuous tubular element. 

This arrangement puts the apexes of the zigzags from each stent element 
abutting each other. This configuration gives the maximum length 
stability when the device is pushed down a catheter during deployment. 
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Fig. 1 2 shows another embodiment where the continuous tubular element 
is on the outside of the stent elements. 

Only a few of the apexes need to be sutured since the continuous tubular 
element will be trapped between the stent elements and the Luminal wall. 

Fig. 13 shows another embodiment of the device. In this version the 
individual stent crowns are left connected to each other. The connecting 
wire acts as a spine, or backbone, to give greater stability. This length 
stability is especially useful during the deployment of the complete device. 

Fig. 14 shows the connected stent array shown in Fig. 13, sutured to the 
outside of a continuous tubular element. The connecting sections of the 
wire are bound together by a suture material in order to form a continuous 
spine throughout the device. Since the stent array is on the outside of the 
continuous tubular element, the tubular material requires to be sewn to 
the stent array in order that the tubular material remains open after 
deployment. The spine adds stability to the complete array. 

Fig. 15 shows a stent array sutured to an inner tubular element in a 
manner similar to Fig. 7, but with the arrayed stent elements constructed 
in the manner illustrated in Fig. 6c. Such stent elements may also be 
linked together in a similar manner to that illustrated in Figs. 9, 1 1 or 1 2. 

Although not shown in Figs 14 and 1 5, the ends of the fabric tube needs 
to be bound by sutures, such binding to incorporate the outer apexes of 
the end stent elements. This is required to ensure that the ends of the 
tubular element are forced to remain open by the stent element. 

The final process in the manufacture of the endoprosthesis is to apply the 
highly biocompatible layer on the external surface. 
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This biocompatible layer may be in the form of a thin coating or in the 
form of a hydrogel encapsulation. 

The biocompatible layer consists of polymers having non-thrombogenic 
properties which can be prepared by copolymerising monomers of at least 
two classes from (a) monomers having sulphate groups, (b) monomers 
having sulphonate groups, (c) monomers having sulphamate groups, (d) 
monomers having polyoxyalkylene ether groups and (e) monomers having 
zwitterionic groups. The monomers can additionally be provided with anti- 
thrombogenic properties by including an additional co-monomer having 
pendant heparin (or hirudin, warfarin or hyaluronic acid) groups. 

The biocompatible material employed by the arrayed stent graft comprises 
embodiments detailed in W097/41 164. 

In one preferred method of application of the biocompatible material, 
detailed in W097/41 164, is initially to polymerise the desired monomers 
by conventional aqueous solution polymerisation using a water soluble 
initiator, such as potassium persulphate, after degassing the solution and 
under an inert gas such as nitrogen. Reaction temperature for 
polymerisation is at room or elevated temperature, provided that the 
heparin biological activity is not affected. The polymer may be purified by 
conventional means, such as precipitation, filtration, washing and dialysis. 

The aforementioned biocompatible polymer is capable of being applied as 
a coating on the arrayed stent graft. In this regard modified polyethylene 
imine or other primary or secondary amino containing polymers form a 
stable attachment between the arrayed stent graft and the biocompatible 
polymer. 



